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Abstract 
We present a low-cost pressure transducer for medical applications. It’s based on the radial expansion of a liquid filled elastic 
tube, which is detected by a capacitive measuring principle in a non-contact manner. For optimization we investigated the 
influence of the number and arrangement of the measurement electrodes, their length as well as the gap separating them. The 
optimized electrode geometry features a sensitivity of 0.195 fF/103 Pa and a corresponding mean coefficient of variation (CV) of 
6.4% considering three individual transducer assemblies. The transducer performance was investigated applying pressures up to 
50 x 103 Pa. Due to a viscoelastic behavior of silicone material we determined a hysteresis effect which implied a maximum error 
of  1.13 fF implying a pressure error of 5.8 x 103 Pa. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Particularly in the field of medical applications, full- or partly disposable pressure sensors are needed to 
implement cross-contamination-free monitoring solutions e.g. for infusion systems or process control for in vitro 
diagnostics (IVD). The demand for reliable, single-use technologies increases rapidly, implying the investigation of 
new measurement principles. 
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1.1. Description of the new measurement principle 
The presented transducer consists of a liquid filled elastic measuring cell, as presented in [1] in more detail, 
concentrically enclosed by a pair of half-shell shaped electrodes, cf. fig. 1. The elastic wall of the measuring cell 
changes its shape, mainly in diameter, with respect to the hydraulic pressure inside the cell. The associated change 
in the inner volume, thus the amount and distribution of the dielectric liquid inside the cell changes the capacitance 
of the electrode arrangement, which is employed to extract pressure dependent signals.  
Fig. 1. Capacitive measurement principle of a pressure transducer based on the expansion of a liquid filled low-cost polymer tube.  
Thereby, the measurement cell is never in touch with anyone of the electrodes implying an exchangeability of all 
liquid contaminated parts after use. The avoidance of complex and expensive cleaning steps to re-use the system 
implements a cost effective and cross-contamination-free setup for patient-near applications e.g. infusion systems. 
The more costly measurement electrodes and sensor electronics can be considered as permanent components which 
remain in the system, while the measuring cell could be disposed off after contamination 
2. Design and Fabrication 
The optimization study to identify the best electrode arrangement included the investigation of different electrode 
shapes [2] like two half-shell shaped electrodes (V1 to V7) and a cylindrical quadrupole arrangement of the 
electrodes (V8) as depicted in fig. 4. For the half shell-shaped electrodes we considered variations in the length, the 
gap width and the inner diameter of the electrodes. The special shape V8 should show the influence of increasing the 
gap number from 2 to 4. To enable a highly flexible and fast fabrication process of different electrode geometries, 
we applied flex-board technology to produce a set of eight different electrode configurations, cf. figure 4. The 
fabricated transducer consists of a flex board featuring the electrodes and an alignment block to bend the electrodes 
and to fix them in a cylindrical shape, as well as the measuring cell introduced in the middle between the electrodes. 
Fig. 2. Assembly process of a functional model of a low-cost pressure transducer consisting of a silicone tube, electrodes (copper-coated 
polyimide flex board) and a PMMA alignment block to guarantee concentricity of the electrodes to the tube comprising of a standard silicone 
tube, ID = 2.5 mm, WT = 0.2 mm, L = 5 mm which expansion behavior is characterized in [1]. 
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As shown in figure 2 the copper-coated polyimide flex board is rolled up to enable the concentric alignment of 
the electrodes to the tube shaped measuring cell. Electrodes are inserted into the PMMA alignment block to 
guarantee a concentric adjustment of measuring cell and electrodes. In a last step a commercially available silicone 
tube (ID = 2.5 mm, WT = 0.2 mm, L = 5 mm) acting as measuring cell is inserted and attached by glue to the 
alignment block, whereby the electrodes and the tube are not in contact (see cross section view in fig. 2). 
3. Experimental results 
The presented study focusses on the influence of the described electrode design parameters on the change in 
capacitance caused by an applied pressure. To evaluate fabrication tolerances, we characterize three individual 
transducers of each type. Each transducer is connected to the experimental setup consisting of a precise pressure 
source, the fluid line filled with pure water, a liquid stopper on the transducers second end and the readout 
electronics as shown in figure 3 (a). The change in capacitance is extracted using the PCap02 capacitance-to-digital 
converter evaluation board from ACAM. The pressure is increased in steps of 5 x10³ Pa up to 50 x 10³ Pa and vice 
versa. The measurement loop is repeated five times to achieve a statistical relevance. The result of such a 
measurement loop for transducer type V8 (dimensions shown in figure 4) are displayed in figure 3 (b). A data point 
represents the mean value of three different transducers with the same geometry with their corresponding error bars. 
                                        
Fig. 3. (a) Measurement set-up; (b) Hysteresis effect is based solely on the expansion behavior of the viscoelastic silicone tube described in [3]. 
The linear fit for both pressure progressions states the sensitivity of the transducer. The maximum hysteresis error is 1.18 fF which indicates a 
maximal pressure error 5.89 x 10³ Pa.
All transducer types showed a hysteresis behaviour occurring from the viscoelasticity of the silicone tube 
material. This hysteresis effect was known from previous measurements of cyclic loading and unloading the tube 
and measuring its diameter with a LED micrometer (optoCONTROL 2600 from micro-epsilon) [1]. For example 
transducer type V8 has shown a maximum hysteresis error of 1.13 fF indicating a maximal pressure error of 
5.89 x 10³ Pa (cf. fig. 3 (b)), which is in agreement with the optical measurements of the diameter on this type of 
tube.  
We examined eight different electrode designs (V1 to V8, shown in fig. 4). Transducer type V8 revealed to be the 
most sensitive geometry with a sensitivity of 0.195 fF/103 Pa including the hysteresis and a CV of 6.4% considering 
all three fabricated transducers. Thereby, eccentricity of the tube to the electrodes implies highest influence.  
The electrode shapes V1 to V3 are differentiated by the diameter of the half-shell arrangement, where V1 
features the smallest diameter and V3 the largest diameter. According to figure 4, an increased inner diameter d will 
reduce the sensitivity (from 0.171 fF/103 Pa down to 0.104 fF/103 Pa) due to the bigger average distance. Thereby, 
the associated increase of the electrode area which reduces this negative effect can be neglected. 
(a) (b) 
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As shown in detail in figure 4, an increase in the electrode length b (V7-V1-V6) will lead to an increased 
sensitivity (from 0.168 fF/103 Pa up to 0.18 fF/103 Pa) due to a larger electrode area. However, the influence on the 
sensitivity is here much smaller, as for example for the variation of the inner diameter d. 
Fig. 4. Measured sensitivity for the transducer type V1 -V7 with a half-shell form and a design featuring four gaps V8, including error bars 
indicating the CV of three individual transducer assemblies. 
The electrical field strength in close proximity to the electrodes’ gap g increases for smaller distances, thus a 
higher sensitivity for smaller gaps and an increased gap number is expected. We increased the gap (V5-V1-V4) from 
0.6 mm up to 1 mm and measured a decreased sensitivity from 0.178 fF/103 Pa down to 0.152 fF/103 Pa (cf. fig. 4). 
4. Summary and Outlook 
We conclude that the best sensitivity is found by transducer type V8 due to the quadrupole design featuring four 
electrodes and four gaps with a width of 0.2 mm. As a next step, we will replace the commercial capacitive-to-
digital read-out electronic by developing a novel real-time analog sensor electronics. The very fast signal conversion 
of a change in capacitance to a readable voltage signal enables the detection of high dynamic pressure changes 
which appear for example in liquid dispensing systems. 
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